Objective: To ®nd out the modi®cations and the interrelationships between the energy and macronutrient intakes and anthropometric measurements of a group of anorexia nervosa patients (ANP), with homogenous diagnosis, age and treatment, during a 1 y follow-up. Design: Longitudinal study design. Subjects: Fourteen restricting-type ANP in the adolescent age (11 ± 21 y) were recruited for the study and evaluated at four time intervals during 1 y of multidisciplinary treatment: (a) on admission (AN0); (b) after 1 month (AN1); (c) after 6 months (AN6); (d) after 1 y (AN12). Measures: Energy and macronutrient composition of the diet (48 h recall) and anthropometric measurements including skinfold thickness. Results: Mean weight and BMI were under the 3rd percentile in AN0. All anthropometrical parameters increased signi®cantly in AN1 compared to AN0 and did not change in AN6 and AN12. Energy and macronutrient intakes increased signi®cantly in AN1. The dietary changes were not maintained in the subsequent time intervals and there was an overall tendency to turn back to AN0 results. Energy intake adequacy to Spanish Recommended Intakes (RI) showed only an acceptable ratio in AN1 (94% RI); however, a preserved protein intake was found throughout the study (mean intakes between 128.5% and 230.0% RI). Negative correlations were found at AN12 between size of arm's subcutaneous fat stores and energy and macronutrient intakes. Conclusion: In this 1 y follow-up study the decrease in the intake of energy and macronutrients after discharge seems to be related to anthropometric evolution, so that a return to restrictive eating behaviour had occurred in those subjects who had reached the highest values in their subcutaneous fat stores, probably related to dissatisfaction with self-body image.
Introduction
The psychiatric illness of anorexia nervosa (AN), which occurs predominantly in adolescent girls and young women, is characterised by strict dieting, a morbid fear of fatness, maintenance of an abnormally low weight and amenorrhea. The obession in losing weight leads AN patients to adopting some distorted attitudes towards food and an altered pattern of food consumption, which in some cases produce in the patient such a serious state of malnutrition as to require the patient's hospitalisation. It seems extremely dif®cult to correct the psychic aspect of the illness without ®rst improving the nutritional status (Bruch, 1982) . Thus, the multidisciplinary hospital treatment approach of anorexia nervosa patients focuses, in the beginning, on two main objectives: ®rstly, correcting the starvation state and restoring normal body weight and normal body composition and, secondly, changing their eating behaviour for healthy nutritional habits by means of nutritional education and psychological therapy (Casas et al, 1994) .
Cross-sectional studies have shown that, upon hospital admission, the patients' weights and food intakes are often dramatically reduced (Dempsey et al, 1984; MoreirasVarela et al, 1990) . Moreover, all tissues, both lean and fat, are depleted when patients are compared to their normal peers (Forbes et al, 1984; Vaisman et al, 1991; Scal® et al, 1993; Russell et al, 1994; Obarzanek et al, 1994; Polito et al, 1998) . A relatively large number of studies has been carried out during refeeding and during in-hospital treatment, especially considering weight gain and changes in body composition of anorexia nervosa patients (Russell et al, 1983 (Russell et al, , 1994 Dempsey et al, 1984; Vaisman et al, 1988a,b; Melchior et al, 1989; Waller et al, 1996; Orphanidou et al, 1997) . In addition, long term follow-up studies have been published measuring morbidity and mortality rates at time intervals between more than 4 y to 10 or 20 y since diagnosis (Theander, 1983; Isager et al, 1985; Steinhausen & Seidel, 1993; Eckert et al, 1995; Strober et al, 1997) . These studies usually assess whether patients meet diagnostic criteria according to weight, eating behaviour and menstrual function and their psychiatric status and psychosocial adaptation.
For achieving long-term recovery, correcting eating behaviour is considered to be the most important aspect to focus on. The maintenance of healthy nutritional habits when patients are under outpatient treatment seems to be a determinant factor in the evolution of this pathology. The recovery of the psychological status would be supported by the maintenance of a good nutritional status which, in turn, would require that the acquired healthy behaviour not be reversed. Morgan and Rusell (1975) studied the effect of weight gain on abnormal eating behaviour in AN patients and found that a large number of the subjects continued to eat abnormally at long-term follow-up (4 y since admission). Other authors have published similar results (Jarman et al, 1991; Windauer et al, 1993) . However, there exists little information on the maintenance of healthy eating habits, weight and body composition of ANP when considering time intervals shortly after discharge. Thus, covering this treatment interval, the aim of this work was to discover the evolution of nutritional status in a homogeneous group of restricting-type AN patients studied from their admission to the hospital until a year later judging by nutrient intakes and anthropometrical measurements.
Subjects and methods
The nutrient intakes and simple anthropometrical measurements of 14 patients admitted to the Hospital de Mo Âstoles (Madrid, Spain), were assessed during a 1 y follow-up. All the patients in this study met DSM IV (American Psychiatric Association, 1994) criteria for the diagnosis of AN. In addition, certain inclusion criteria were followed to increase the homogeneity of the study group: (1) female sex; (2) adolescent age; (3) type of AN diagnosis (only restricters were included). Thirty-three patients were ®rst screened for inclusion in this study; seven were excluded because of a wrong diagnosis of restricting-type AN. The exclusions consisted of one patient with a serious digestive disease, one bulimic patient and ®ve bingeapurging-type AN patients. A further 12 dropped out, leaving the ®nal number studied to 14 patients. No differences were observed in age, weight or duration of the illness at admission between those patients who did not ®nish the study and those who did.
The follow-up study included inpatient and outpatient treatment for the 14 patients and, thus, four different stages were taken into account: (1) when AN patients had been recently admitted to the rehabilitation programme in the hospital (AN0), in the ®rst 2 weeks of the inpatient period, once rehydrated and stabilised; (2) 1 month later (AN1); (3) 6 months after admission (AN6); and (4) 12 months after admission (AN12). All subjects gave informed consent once the purpose and nature of the study had been explained. Parental consent was also obtained for those patients under 18-y-old. In AN0 the mean evolution period of the illness was relatively short (9.4 AE 6.3 months). Subsequent hospitalisations along the 1 y follow-up were suffered by six out of the 14 patients; four of them had a second inpatient period and two had up to two more admissions in the year. The data analysis was made for the whole group and also for the remaining eight anorexics, after excluding those who had further readmission into hospital. Since both analysis gave similar results we are presenting here those obtained for the 14 patients.
According to the Hospital of Mostoles' refeeding programme for AN patients (Casas et al, 1994) , energy intake varied between 2090 and 4180 kJaday (500 ± 1000 kcala day) for the ®rst few days in hospital, which was increased by 2090 kJ (500 kcal) every 3 ± 4 days to ensure an acceptable weight gain of 0.5 ± 1.5 kgaweek at the beginning of the treatment and 200 ± 400 gaweek later on. During the weight gain period, four solid meals plus two liquid supplements, if necessary, were offered to the patient. Dietary management was supported by psychological therapy in order to correct eating behaviour. As inpatients some of them were allowed to do rehabilitation exercise in a ®tness room for half an hour a day, always under surveillance. On admission, an eventual discharge weight was established by the treating physician which was within 1 s.d. (standard deviation) of the ideal body weight (IBW) for age and height. When target weight was achieved, patients entered outpatient treatment. At this time, a normocaloric diet was prescribed together with psychological ambulatory therapy in order to maintain healthy food habits, nutrient intakes and anthropometric parameters, as 
Anthropometric survey
Weight and height were determined, after an overnight fast, without clothes and shoes, using a digital electronic weighing scale (Seca alpha; Rue Lavoisier 91430, Igmy, France; range 0.1 ± 150 kg) and a digital stadiometer (Harpender P®fter 450; Badem, Padum Aveny, Carlstadt, NJ, USA; range 0.70 ± 2.05 m), respectively. From these data, body mass index (BMI) (weight (kg)aheight 2 (m 2 )), Z-score of the body mass index (BMI) and ideal body weight percentage (IBW%) according to Spanish growth reference charts (Hernandez et al, 1988) were calculated.
The anthropometrical variables were measured during all phases of the study by the same investigator, trained according to the standard methods (Tanner & Whitehouse, 1962) . The mid-point between the tip of the acromion and the olecranon process was marked while the subject held the forearm in horizontal position. The mid-arm circumference (MAC) was measured on each subject's upper-arm hanging freely along the trunk with a Harpenden anthropometric tape. The measurements of skinfold thickness were made by grasping the skin and subcutaneous tissue between the thumb and fore®nger with a Holtain skinfold caliper. Skinfold thickness was measured at the mid-triceps (TSF) and subscapular (SSF) sites on the left side of the body, and recorded to the nearest 0.1 mm. Reliability estimates of skinfold thickness measures were obtained for the 14 subjects. The technical error of the measurements (Mueller & Martorell, 1988) was 0.37 mm for tricipital skinfold and 0.42 mm for subscapular skinfold.
Five variables were derived from the above parameters: arm muscle circumference (AMC, cm), arm fat area (AFA, cm 2 ), arm muscle area (AMA) (Gurney & Jeliffe, 1973) , corrected arm muscle area for women (AMAc, cm 2 ) and total body muscle mass (BMM, kg) (Heyms®eld et al, 1982) .
Dietary study
At each stage of the study a 48 h dietary recall was ful®lled for every patient. This questionnaire was administered by a trained nutritionist. The interviews had an approximate duration of 45 min and subjects were asked to report the quality and quantities of all the foods consumed during the previous 48 h. Household measurements and food photographs were made available to help in the quanti®cation of intakes. The family and hospital staff were consulted to check the reliability of the food intake reported by patients. Despite its limitations, the 48 h dietary recall questionnaire was chosen because it suits the peculiarities of this group of patients: (1) they are able to remember precisely every item consumed because of their great concern about food; (2) restricting-type anorectics tend to select a limited number of different food and show a quite constant daily pattern of consumption intraindividually, which lessens the variability in nutrient intakes among days; (3) questionnaires had to be repeated several times during the follow-up so that longer and time-consuming questionnaires could induce fatigue and less accuracy in late stages.
The energy and nutrient contents from all the foods recorded were determined using the Spanish Food Composition Tables (Instituto de Nutricion , CSIC, 1990) . Intakes were compared with dietary recommendations for the Spanish population (Departamento de Nutricio Ân, UCM, 1994) . The level of physical activity was determined according to the information provided by the patient in a questionnaire enquiring into the types of physical activity and time consumed in each one of them.
Statistical analysis
All values reported are mean AE s.d. All data were examined for normality of distribution and, regarding the number of data,`quasinormality' of the distribution was looked for. Changes over the course of treatment were examined and signi®cant differences between stages of AN patients were calculated using Student's t-test for paired data (twotailed). If the variable did not ®t normal distribution the non-parametric Wilcoxon test was used. Differences were considered statistically signi®cant at P`0.05. The associations of the energy and macronutrient intakes with anthropometric parameters were assessed using Pearson's correlation test. The difference of a variable's value between two stages was also calculated and correlation Follow-up of anorexia nervosa E Nova et al between the changes suffered by different variables was also studied. All the tests were performed by the SPSS (Windows) statystical software package version 7.5.2S (SPSS Inc., 1989 ± 1997 .
Results
Anthropometric measurements and indexes are shown in Table 1 . Patients' height did not change along the study. Weight, BMI (and Z score of BMI) and IBW% increased signi®cantly after 1 month of treatment (AN1). There was a signi®cant correlation between weight in AN0 and the increase experienced by this variable between AN0 and AN1, and the same was observed for BMI (r À0.71; P`0.01 and r À0.92, P`0.001, respectively). During outpatient stages (AN6 and AN12) weight and BMI values were similar to those of AN1. The parameters related to body composition Ð MAC, TSF, SSF, AMC, AMA, AMAc, AFA and BMM (Table  2 ) Ð showed signi®cant increases in AN1 in comparison with AN0. TSF and AFA showed a further increase in AN6. A negative and signi®cant correlation was found between AFA and physical activity (Table 3) at AN6 (r À0.62; P`0.05), which turned positive in AN12 (r 0.57; P`0.05). At AN6 and AN12 some of the patients exercised many hours a week and the kind of physical activity was mainly gymnastics, walking and different sports. 
Follow-up of anorexia nervosa E Nova et al
In Table 4 the results obtained from dietary recall are shown. Energy intake increased at AN1 in relation to AN0; however during the following stages there was a signi®cant decrease so that at AN12 energy intake was equal to the initial one. The calorie intake at AN0 was only 48% of the daily recommended intake (RI). Although after the ®rst month of treatment energy intake reached 94% of RI, in the following stages (AN6 and AN12) the values re¯ected an intermediate situation between both previous stages (66% and 63% of RI, respectively). The energy pro®le in AN1 showed a signi®cant increase in the contribution of fat to total energy and a decrease in the contribution of carbohydrates; however, at AN12 there was a signi®cant increase in the percentage of energy derived from protein and a decrease in the calories obtained from fat in relation to AN1. Macronutrients and ®bre (gaday) re¯ected similar changes to those of energy; all of them increased signi®-cantly at AN1 and, subsequently, suffered a decrease so that fat, carbohydrates and ®bre at AN12 returned to AN0 levels. When protein intake was compared to RI no de®cit was found in the mean intake of the group at any stage.
At AN0 several negative correlations appeared between anthropometry and diet variables: Percentage protein ± weight, percentage carbohydrates (CHO) ± weight, percentage CHO ± SSF (Table 5) . At AN12 energy and net protein, CHO and fat intake showed negative correlations with TSF, SSF and AFA (r between À0.60 and À0.74; P between`0.05 and`0.001). Negative correlations between energy, fat and carbohydrate intake modi®cations and TSF and AFA modi®cations were also observed in the time interval from AN1 to AN12 (r between À0.52 and À0.71; P between`0.1 and`0.01). In addition, the TSF value reached at AN12 also correlated negatively with the dietary energy change experienced from AN1 to AN12 (r À0.78; P`0.001).
Discussion
As it has been stated in prior publications there is a need for studies to be done with groups of patients sharing similar characteristics of age, type of diagnosis and treatment; by reducing the in¯uence of these factors clearer conclusions should be obtained (Marcos, 1997) . Another relevant issue is the evolution period of the illness when the proper diagnosis and implementation of appropriate treatment are achieved. In this sense, the patients in this study were recruited according to these criteria and a homogeneous group was formed. Their relatively short period of evolution of the illness upon admission for treatment offers an opportunity for a better outcome according to the literature (Marcos, 1997) .
The nutritional status of patients on admission was severely impaired as judged by the basic anthropometrical parameters. Although the mean height at AN0 was around the 50th percentile, mean weight and BMI at admission (39.4 kg and 15.24 kgam 2 respectively) were under the 3rd percentile according to the Spanish growth reference charts (Hernandez et al, 1988) . BMI values approached the emaciation threshold (`15 kgam 2 ) as established by the classi®cation of Lewellyn-Jones and Abraham (1984) . In spite of the increase in BMI in ANI, it only reached the 10th percentile in 36% of the patients. Also the parameters related to body composition showed at AN0 the serious Follow-up of anorexia nervosa E Nova et al depletion of both the fat and muscle compartments of body. Fat mass-related parameters (TSF, SSF and AFA) appeared clustered under the 10th percentile (100%, 79%, 93% of the patients, respectively), while MAC, which is considered a better marker of muscle mass than fat mass, AMC and AMA were found in 43, 64 and 64% of the patients, respectively, above the 10th percentile (Frisancho, 1981) . Several authors have also found a greater impairment of fat mass than muscle mass in undernourished AN patients (Russell et al, 1983; Forbes et al, 1984; Melchior et al, 1989; Krahn et al, 1993; Probst et al, 1996; Polito et al, 1998) . Beaumont et al, (1993) suggest that a relatively high protein diet, together with the high physical activity levels that are characteristics of the illness, both features found in the patients of this study, will play a nitrogen-sparing role, which will explain initial weight loss being due almost entirely to loss of adipose tissue. Since initial impairment was greater for fat deposit, TSF, and SSF showed a wider change than MAC and AMC during the study. However, the TSF remained at or below the lowest percentiles of the Spanish Reference Charts (Hernandez et al, 1988) . A relevant relationship was found between AFA and level of physical activity (haday) at the two stages of outpatient treatment, although with a different character between both of them. The negative association in AN6 suggests that, in those patients doing less exercise, adipose tissue recovery or maintenance would be supported. On the contrary, the relationship at AN12 had a positive sign and would possibly re¯ect a tendency in some patients to turn back to their previous habits of increased exercise as an additional weight loss mechanism.
Analysing the dietary survey requires the weaknesses of a dietary recall to be considered. This stems from the fact that individuals may not report their food consumption accurately mainly for memory reasons. However, this is not such a shortcoming in the case of our group since their great concern about the food that they eat is favourable to their memory accuracy. Secondly, because most individuals' diets vary greatly from day to day, data from a single 24 h recall should not be used to estimate the proportion of the population that has adequate or inadequate diets (Thompson & Byers, 1994) . Despite this, macronutrient intake varies less among days than micronutrient intake does, and only the former was evaluated in the present work. In addition, a 48 h recall provided with standardised neutral probing questions was used instead of a single 24 h recall, thus increasing the strength of the method. After these considerations, the results show that patients' energy intake improved to a considerable extent during hospital treatment, although it seems clear that the situation was not maintained during outpatient treatment. The need for a post-hospital treatment and for a multifaceted approach was already known in the late seventies (Gar®nkel, 1985) ; however, regarding the current results, it seems that the modi®cation obtained in eating habits during hospitalisation did not last at a medium-term follow-up, as it is mainly re¯ected in the low energy intake which returned to initial levels at 1 y after admission. Seven days of the prescribed outpatient diet were analysed and an average energy intake of 10043 kJaday was obtained, which was well above the mean intake observed at AN6 and AN12 (Figure 1 ). The energy pro®le revealed that in-hospital refeeding normal- Ân, 1996) . However, this pattern was not maintained in the following stages and there was a signi®cant increase in the percentage of energy derived from protein and a decrease in the calories obtained from fat at the end of the study. Fat rejection and dislike are well documented among AN patients (Drewnowski et al, 1988; Fernstrom et al, 1994 ). An increase in the contribution of protein to total energy is also found in relation to the prescribed outpatient diet (Figure 2) . The low energy intake, together with the high protein consumption reported here, re¯ect the common dietary pattern found in AN patients (Beaumont et al 1981; Thibault & Roberge, 1987; Fernstrom et al, 1994; Marcos et al, 1993) . When considering the grams of protein intake per kilogram of current weight, and also per kilogram of ideal weight, values were well above 1 gakg in all the stages, thus meeting WHO recommendations of 0.94 and 0.81 gakgaday for girls between 11 ± 14 and 15 ± 18 y, respectively. Also the correlations found at AN0 show the common eating pattern of AN patients (high protein content and high contribution of carbohydrates to total energy intake) in those with the lowest weights. After 1 y of treatment the correlations between energy and macronutrient intakes and the parameters related to body fat tissue suggest that a return to the restrictive eating behaviour has occurred in those subjects who had reached the highest values in their subcutaneous fat stores. When considering the magnitude of the changes between AN1 and AN12 observed in the variables measured, some ®ndings were also revealed supporting this trend. Both the change and the level reached in the subcutaneous fat, as assessed by TSF, seem to lead AN patients to newly adopt a restricted diet.
According to our results, after 1 y of treatment there is a tendency to turn back to the restrictive common eating pattern of AN patients in those whose anthropometrical measurements have reached the highest values, possibly as a reaction to a dissatisfying body perception. Some studies have addressed the relationship between psychological characteristics like discomfort with self-body and relapse. Fairburn et al (1993) pointed out that, as at the end of the treatment period, eating disorder patients' self-esteem is based on their weight and body shape, there is an increased risk of relapse during the ®rst year after discharge. This has revealed the need for clinical studies looking into the ef®cacy and long-term outcome of treatment protocols based on reducing weight and body shape concern methods in comparison with other treatments (Geller et al, 1998) .
To summarise, it is observed that in-hospital treatment effectively improves anthropometrical status and dietary intake; however, at subsequent time intervals of outpatient treatment the nutrient intakes show a new impairment and anthropometrical recovery is arrested at values under the normal range, especially for fat content. Thus, it is con®rmed that there exists a trend to turn back to the restricting habits once the patients leave the hospital and so there is a critical time with a high risk of relapse around the end of the ®rst year of follow-up. In this study the decrease in the intake of energy and macronutrients at this time of treatment seems to be related to anthropometric evolution, and more precisely to fat replenishment.
